Summary
Introduction
Objects in visual mental images seem very much like of visual information, play a functional role in imagery [e.g. see Roland and Gulas (1994) and accompanying objects we view perceptually. In fact, numerous studies have demonstrated that visual images share many properties with commentaries]. One way to examine this issue is to study imagery deficits in patients who have damaged occipital visual percepts (for reviews, see Farah, 1988; Finke, 1989; Kosslyn, 1994) . These findings are consistent with results of cortex. Several investigators have reported loss of imagery for objects, faces or spatial relations after extensive, recent studies showing that regions of the brain that underlie visual perception are also activated during visual mental bilateral occipital injury, although other investigators have not; see Goldenberg et al. (1995) for a report of a case imagery (e.g. Goldenberg et al., 1989a, b; Kosslyn et al., 1993) . Indeed, a number of recent neuropsychological of cortical blindness with spared imagery and Goldenberg (1993) for review of earlier cases. However, self-report, findings suggest that visual images and percepts share a common neurological substrate in occipital lobe structures upon which imagery was assessed in many of these studies, is not sufficiently reliable or sensitive for firm conclusions (e.g. see Farah et al., 1988; Damasio et al., 1993; Kosslyn et al., 1993; Le Bihan et al., 1993) . If visual areas also to be made concerning the relationship between occipital injury and imagery. Two recent studies have reported mediate imagery, one would expect deficits in imagery when these areas are damaged. Consistent with this expectation, spared imagery in the context of perceptual (agnosic) deficits (Behrmann et al., 1992; Jankowiak et al., 1992) , several studies have demonstrated such deficits. For example, it has been found that patients who have unilateral visual and one study has asserted that at least some forms of imagery may exist even following cortical blindness neglect often also neglect objects in their mental images (e.g. Bisiach and Luzzatti, 1978) and produce equivalent (Chaterjee and Southwood, 1995) . It is not surprising that imagery should exist following some forms of distortions in search patterns of visual and imagined visual scenes (Mijovic, 1991) .
perceptual disruption, given that not all perceptual organization processes are necessary for imagery (because Perhaps the most controversial aspect of current research on brain mechanisms of imagery is whether the medial images have already been organized; see Kosslyn, 1994, p. 329) . Moreover, the study reporting imagery in the face occipital lobe structures mediating low-level cortical analysis of cortical blindness did not use very sensitive measures involved in vision, then we expected patients who have unilateral damage of this region of the brain to have of imagery, and the patients did have some intact medial occipital cortex. difficulty scanning to images of dots in their blind fields. We included three control tasks to rule out other possible Furthermore, since it is well known that brain-damaged patients are impaired at many cognitive tasks, simply showing accounts for such a deficit. We show that the subjects can perform the task when imagery is not required (and hence that they are impaired at imagery tasks would not be very compelling. Another approach would be to show that such understand the instructions); that they can encode the orientations of the arrows; and that they can remember patients have greater impairments with imagery tasks than with non-imagery tasks. However, imagery can often be used the locations of the dots in the array, thus indicating that the task relies on more than the parietally based processes that as a strategy for performing verbal tasks, and thus this research strategy, too, is potentially flawed. A more register location (per se). satisfactory approach is to determine whether patients with damage restricted to the occipital cortex of one hemisphere have imagery deficits for stimuli in the contralesional field,
Methods
as predicted by the view that imagery and visual perception Subjects share common neural substrates. Thus, each patient serves Eight hemianopic patients (mean age 65.8 years, SD 10.4 as his or her own control for more general deficits in years, range 43-80 years) and 24 control subjects (mean age performance. We have adopted this approach here by 52.8 years, SD 8.3 years, range 42-71 years) were tested in examining imagery in patients with homonymous hemianopia the experiment. Twelve control subjects were male, 12 were resulting from stroke confined to one hemisphere.
female; of the patients, five were male, three female. An The literature contains only one neuropsychological equal number of patients had infarcts in each hemisphere, assessment of imagery processing in a hemianopic patient; resulting in contralateral visual field defects. The infarcts using a method developed by Kosslyn (1978) to measure the were confirmed by CT scans in five of the eight patients. visual angle of visualized objects, Farah et al. (1992) Table 1 shows relevant patient characteristics. The local compared the apparent size (i.e. visual angle subtended) of ethical committee approved the study and the subjects' mental images in a single subject before and after unilateral consent was obtained according to the Declaration of occipital lobectomy. They found that the horizontal extent of Helsinki. imaged objects was reduced after surgery, a finding consistent with the hypothesis that imagery occurs in a spatially mapped representational medium within occipital cortex. However, it
Tests of unilateral spatial neglect is difficult to draw strong or general conclusions on the basis Six of the patients (E.W., B.K., M.L., T.B., M.K. and B.M.) of this single-patient study. In addition, it is possible that the were administered the following tests prior to imagery testing: surgery disrupted visual input to posterior parietal cortex, line bisection, line cancellation, copying a drawing of a which registers spatial locations per se (see Andersen, 1987) .
flower and clock construction. Descriptions of the tests and If so, then the restriction in visual angle after surgery could testing procedures may be found elsewhere (Butter et al. , have occurred if posterior parietal cortex stores the short-1990). Two of the patients (C.H. and J.M.) were screened term trace of spatial locations which are then projected on with the following tasks: line bisection, line cancellation, topographically mapped areas, where some of the processes copying a clock and drawing a clock from memory. underlying imagery inspection take place.
In the present study, we tested hemianopic and normal subjects in a modified version of an image-scanning task
Patients' medical information
devised by Finke and Pinker (1982) . Their task consisted of a brief sequential presentation of random dot patterns, which
Case of E.W.
Past medical history included hypertension, ocular were then removed and replaced by an arrow that pointed to an (unexpected) location. Subjects judged whether or not the hypertension and mild cataracts. In February 1988, she noticed suddenly that her upper left visual field was blank. arrow was pointing at the location just occupied by one of the dots in the previous dot pattern. In several replications
Since that time, the visual field defect, which was assessed on three occasions, gradually decreased in size and was of their experiment with normal subjects, Finke and Pinker (1982, 1983) reported that their subjects found it necessary stable for several months prior to testing. Ophthalmological examination 5 months prior to imagery testing disclosed to scan along the direction indicated by the arrow to determine whether the scan path intercepted any of the dots in their upper left congruent visual field loss, best-corrected acuity 20/30 in both eyes. Colour vision in both eyes was normal. mental image. As expected, if they did in fact use this strategy, the subjects also required more time to make the Her eyes were aligned and there were no saccadic or smooth pursuit abnormalities in any direction; her pupils reacted decision as the distance between the arrow and target dot increased.
normally to light. Biomicroscopic and fundus examinations were normal, as was the remainder of the neurological If imagery relies on medial occipital lobe structures 'fortification' hallucinations (rows of parallel bright stripes at right angles) in left visual fields of both eyes for several examination. Her visual field defects were diagnosed as months prior to symptoms of stroke. Subsequently, in January occipital lobe infarct; no visual spatial neglect was found.
1986, he awoke with left visual field loss; within a few CT scans were not taken.
hours, vision in the lower field began to return, but right upper quadrant was slow to show any change. CT scan showed acute infarct in right occipital area, otherwise, the
Case of T.B.
ophthalmological and neurological examinations were Past medical history included evidence of decreased vision unremarkable. Over the ensuing 4-6 months, the region of in the left eye from childhood due to convergent strabismus. blindness decreased somewhat, and acuity in the periphery Left medial and lateral recti were surgically resected in 1978.
improved, but form vision remained poor in the left upper In October 1985, he noticed blurred vision and, later, loss of quadrant and the patient continued to have total loss of vision vision on left side. Examination 3 months prior to imagery in a small, upper paracentral region. This patient exhibited testing disclosed complete left homonymous hemianopia, no evidence of visual spatial neglect (see Table 2 ). hyperlipidaema and hypertension; acuity was 20/20 in both eyes. He had full eye movements, a normal biomicroscopic examination and a normal fundus. The patient complained of poor depth perception, but otherwise his neurological
Case of M.L.
Past medical history was characterized by hypertension, examination was normal. He had no visual spatial neglect (see Table 2 ). No CT scans were taken.
adult-onset diabetes, hysterectomy and hernia repair. In October 1993 she noted loss of vision on the left side. Examination revealed a complete left homonymous hemianopia. CT showed a right-sided, medial infarct,
Case of B.M.
Past medical history noted hypertensive heart disease; extending ventrally into postero-medial temporal structures and dorsally into the most posterior part of the parietal lobe. transient ischaemic attacks in January, 1989, prior to stroke (November 1991). Initial stroke symptoms included blurred
The patient reported diplopia for the first few days following her stroke, which resolved in a week or so. Examination in vision, difficulty reaching for objects and stumbling. CT showed subacute infarct in the left occipital lobe and April 1994 (2 months before imagery testing) disclosed a virtually complete left homonymous hemianopia. Visual questionable small infarct in left temporal lobe. Examination disclosed an upper right homonymous quadranopia, but no acuity was 20/25 ϩ3 in the left eye and 20/20 in the right eye. Contrast sensitivity was in the normal range. Colour
Case of J.M.
vision, tested with Ishihara plates, was normal. Slit-lamp Past medical history included long-term migraine headaches examination showed a subconjunctival haemorrhage in the with aura. He described a typical headache beginning with left eye; funduscopic examination was normal, and she had wavy lines, followed by loss of vision on his right side. In full extraocular movements. She complained of poor vision November 1992, immediately after a hip operation, the for objects located between~5 and 40 feet. She had no visual patient began to notice 'wavy vision' followed by a spatial neglect (see Table 2 ).
persistent right field cut. In addition, 20 h after the operation, he began to experience hallucinations (e.g. car doors, people, faces) in his blind field which subsided 10 days later. EEG was negative for seizure activity.
Case of M.K.
Ophthalmological exam was unremarkable except for the Past medical history included diabetes and heart attack scotoma. Visual acuity was good. Perimetry examination (1978) . In 1986 she became aware of difficulty seeing in the confirmed complete right homonymous hemianopia. No right side of her field of vision. At the time, she was told by visual spatial neglect was found (see Table 2 ). The patient an ophthalmologist that she had a circulatory problem. In refused MRI and CT scan of the brain because of severe 1987 she developed transient loss of vision in her right claustrophobia. Visual field defect and visual release eye. Later during that year, a CT scan revealed a left occipital phenomenon were diagnosed as a left occipital infarct. infarct. Examination in April 1988 (2 months prior to Repeated yearly perimetry examinations confirmed persistent imagery testing) disclosed a right-sided incomplete, right homonymous hemianopia. Despite his persistent congruous homonymous hemianopia with sparing of a hemianopia, J.M. shows an unusual ability to report certain portion of the temporal crescent in the right eye. Beststimuli in his blind field. This patient is currently taking part corrected acuity was 20/30 in the right eye and 20/29 -2 in in a number of computerized studies (D. Mijovic, S. Kosslyn the left eye. The right eye showed a relative afferent pupillary and S. Wray) involving lateralized visual stimuli, many of defect. Biomicroscopic examination revealed moderate them presented very briefly (e.g. 17 ms). He not only fails nuclear sclerosis in both eyes; fundus examination was to show deficient perception of a variety of visual stimuli normal. The eyes were aligned in all positions; saccadic and (e.g. dots, drawings of objects, words in his contralesional pursuit movements were normal. On the day of imagery fields), but also is consistently faster and more accurate in testing, she erred to the right (i.e. the side of her hemianopia) detecting or discriminating between stimuli presented in his when bisecting horizontal lines; in line-cancellation testing, hemianopic field compared with his non-hemianopic field or she complained that the lines seemed to 'jump around'; with the performance of control subjects. therefore this test was discontinued. She misplaced numbers in constructing a clock (and remarked about this), but showed no evidence of lateralized neglect in this test or in copying General procedures a flower. Her copy of a cube was deficient, and she was All subjects were tested individually in a single session, aware of this, but showed no signs of lateralized neglect in during which they were given four tasks in the following copying (see Table 2 ). When shown a picture containing a order: perceptual control, arrow control, dot control, imagery number of objects, she correctly named all of them. She task. Each task was presented in a booklet by the experimenter, complained of word-finding problems; she correctly named who also recorded subjects' verbal responses. On each trial six familiar objects to visual confrontation, but could not the sheet on which the stimuli were displayed was presented name a belt buckle.
on a horizontal surface in front of the subject, with the centre of the sheet aligned with the subject's midline body axis. One patient (B.K., a colleague who lives in another country)
Case of C.H.
self-administered the tests by following the same instructions Past medical history was characterized by hypertension, as other subjects did and wrote his answers on the score myocardial infarct, bilateral carotid bruits, and surgery for sheets. Patients E.W., T.B. B.M., M.L., B.K. and M.K. were abdominal aortic aneurysm and two femoral artery aneurysms screened for visual spatial neglect in line bisection, line (May 1991). In April 1991 he noticed loss of vision in cancellation and copying a flower from a model. Patients his right side. Examination revealed a right homonymous C.H. and J.M. were screened for neglect with line cancellation hemianopia. Repeated perimetry testing in September 1991 and clock drawing tasks. and May 1992 disclosed a persistent partial right Figure 1 presents a sample of the stimuli used in each homonymous hemianopia involving the lower quadrant more task. All stimuli were displayed on sheets of unruled than the upper. CT scans showed a left occipital infarct.
8.5ϫ11 inch white paper, stacked in succession and held Visual acuity was corrected to 20/20 in both eyes. Ocular together in a three-ring binder. A heavy-weight 'backer' motility was intact. Funduscopic examination was normal.
sheet was placed between stimulus sheets to ensure that subjects could not see the next stimulus (which was otherwise No visual spatial neglect was found (see Table 2 ). of 20 trials, subjects were presented with pairs of stimuli. Each stimulus was presented on a separate sheet. The first sheet displayed an array of black dots, half of which contained three dots and half of which contained four dots. The second sheet in each pair contained a black arrow located in the centre of the page. The dots were~4 mm in diameter; the arrow was~2.3 cm in length. No arrow was pointing to the same side more than three times consecutively. On one-half of the trials, the arrow pointed to a position formerly occupied by one of the dots; on the remaining trials, the arrow pointed to a position 25-35°from the nearest dot. There were an equal number of three-and four-dot trials in which the arrow did and did not point to a previously exposed dot. An equal number of yes/no trials (in which the arrow did/did not, respectively, point to a dot) were presented on each side. When each dot array was presented, subjects were first asked to touch each dot, in order to make sure that they saw all of them. After they did so, the sheet was turned over, revealing a blank 'backer' sheet, which was briefly presented, following which, the experimenter exposed a sheet displaying an arrow. The subjects were instructed to respond 'yes' if the arrow appeared to be pointing to a position previously occupied by one of the dots in the preceding display, and to respond 'no' if it did not appear to do so. They were encouraged to guess if they were unsure of the correct answer. Approximately 1-2 s intervened between turning over the sheet displaying the dots and exposure of the sheet showing the arrow. The experimenter then readministered the same imagery task to subjects 5-10 min later, in the same order. One patient (B.K.) was given only 20 trials of the imagery task; therefore, his percentage error rates were calculated from a possible 20 trials rather than 40 trials. Following testing, subjects were asked how they performed the task; their answers were recorded verbatim. visible through the exposed stimulus sheet) before the
Perceptual control task
This task, a perceptual equivalent of Finke and Pinker's examiner turned the page. All tasks consisted of 20 trials, but the imagery task was repeated for a total of 40 trials.
(1983) image-scanning test, was designed to ensure that the subjects understood the nature of the imagery task and could Correct responses on one-half of the trials in a task were 'yes' or 'same,' whereas correct responses to the other half scan appropriately. It differed from the imagery task in that the dot array and the arrow were presented simultaneously of the trials were 'no' or 'different.' Stimuli for which the correct response was of the same type were not repeated rather than successively. Subjects were shown arrays of three or four dots and an arrow; they were instructed to decide more than three times in a row. For statistical analyses, the dependent variable was error rate, calculated per subject and whether the arrow was, or was not, pointing to one of the dots. When the arrow was not pointing to a dot, its direction task. The data were analysed with repeated-measures analysis of variance (ANOVAs).
deviated from the nearest dot by 25-35°. To minimize the need to rely on imagery, the stimuli were presented in free view and the exposure time was not limited. The stimuli consisted of 20 arrays of either three or four black dots and
Imagery task
Although the imagery task was the last one to be presented, a single black arrow located in the centre of the sheet and pointing to one of four quadrants. Each dot-and-arrow array we describe it first because the control tasks are only relevant insofar as they inform us about the possible bases for was displayed on a single sheet of paper. The dots and arrows were the same size as those used in the imagery task. No performance of this task. For the same reason, we present the performance on this task first below. This task was a arrow was pointing to the same side more than three times consecutively. The subject's task was to decide whether the modified version of Finke and Pinker's (1982) task. On each arrow pointed directly to one of the dots. Subjects were often on the left and right side, which allowed us to consider this factor in our analysis. The subjects were shown the first instructed to respond 'yes' if the arrow appeared to them to be pointing to one of the dots, and 'no' if the arrow did not array in each trial and told to point to each dot in the array. After they did so, the sheet displaying the first array of dots appear to be pointing to one of the dots. The examiner corrected subjects' errors only on the first trial of this task.
was turned, briefly exposing a 'backer' sheet, which was then turned to expose the sheet containing the second array of dots. Approximately 1-2 s intervened between the turning over the sheet displaying the first set of dots and the backer
Arrow control task
This task was designed to ensure that patients could encode sheet, and exposure of the sheet showing the second set of dots. Subjects were instructed to decide whether the positions the direction of arrows properly and to rule out a deficit in line-orientation processing. The stimuli were 20 pairs of of the dots in the second array were identical to or different from those shown in the previous display. They were black arrows of the same dimensions as those used in the imagery task. Each arrow was displayed separately, centred instructed to respond 'same' if the dots were in the same position and 'different' if one of the dots had changed on a sheet of white paper. A pair of successively displayed sheets contained identically oriented arrows on one-half of position. The examiner corrected subjects' errors only on the initial trial. the trials; on the remaining trials, the orientation of the arrows in each pair differed by 25-35°. Subjects were shown the first arrow in each pair for~5 s. The examiner then briefly presented a blank 'backer' sheet, followed by a sheet
Results
Separate ANOVAs were conducted for each task. In addition, showing the second arrow in the pair. It took~1-2 s to turn over the sheet displaying the first arrow, then the backer separate ANOVAs were conducted to examine effects of the direction of the arrow, display complexity (three versus four sheet to expose the sheet showing the second arrow. While looking at the second arrow, subjects judged whether or not dots) and lesion location in the patient group. The ANOVAs included as within-subject factors horizontal (left/right) and it pointed in the same direction as the arrow previously shown. The examiner corrected subjects' errors only on the vertical (top/bottom) direction of the arrow in the arrowdirection analysis, and complexity (three versus four-dot initial trial of this task.
arrays) and response type (yes versus no) in the complexity/ response type analysis. The between-subject factor was either group (control/patient) or lesion location (left versus right
Dot control task
This task was designed to ensure that any impairment in the hemisphere), depending on the analysis. A subsequent analysis allowed us to examine only the 'different' pairs of imagery task would not stem from a general problem in encoding dot location. Good performance on this task, but dot patterns, and to discover whether the patients made more errors when the change was on the contralesional side. not in the imagery task, would reveal a dissociation between (spared) parietally based memory for spatial location and (impaired) topographically organized, cortex-based imagery, necessary to scan to the imaged dots in the imagery task. If
Imagery task
Subjects' data from the first and second administrations of the subjects had neglect, either during perception or in imagery, then we expected them to have difficulty in this the imagery task were combined, thus increasing the number of trials to 40. Table 3 presents the mean per cent errors for task when pairs differed on the side contralateral to the lesion. Indeed, Bisiach et al. (1979) demonstrated that neglect patients and control subjects in this task. The most important results were considered in an analysis of the effects of arrow patients made errors in imagery when the to-be-compared objects differed on the contralateral side. Thus, if we find no direction on the patients' performance. As predicted, we did find an interaction between horizontal arrow direction and such effects, we will have evidence that neglect cannot be the root of the image-scanning deficit we discover. lesion location [F(1, 6) ϭ 14.89, P Ͻ 0.01]. As illustrated in Fig. 2 , patients performed worse when the arrow pointed In this task, subjects were presented with two consecutive arrays of three or four dots and judged whether the spatial to the contralesional than to the ipsilesional hemifield. Patients with right-hemispheric lesions made significantly more errors location of the dots in the two patterns was the same or different. The stimuli consisted of 20 pairs of dot arrays, when arrows pointed to the left (for left-pointing arrows, mean ϭ 30.63%, SEM ϭ 5.21; for right-pointing arrows, each displayed on a separate sheet of paper. The dot arrays were constructed in the same manner as those in the imagery mean ϭ 4.37%, SEM ϭ 1.75) [F(1,3) ϭ 12.37, P Ͻ 0.04], whereas patients with left-hemispheric lesions showed a task. Half of the arrays contained three dots; the other half contained four dots. Different-pair arrays were constructed trend for the reverse pattern (for right-pointing arrows, mean ϭ 22.5%, SEM ϭ 6.48; for left-pointing arrows, by shifting the position of a single dot in the second dot array by 25-35°. There were an equal number of same-pair mean ϭ 13.75%, SEM ϭ 3.75) [F(1,3) ϭ 2.88, P ϭ 0.19]. The lack of statistically significant effect in the predicted and different-pair trials which contained three and four dots. The 'different' pairs had a different dot approximately equally direction for patients with right-sided hemianopias was due Nor were there any significant main effects or interactions in the analyses of control subjects' data alone. Even though subjects were told neither to form images of dot configurations nor to scan along the direction indicated by the arrow, 88% (seven out of eight) of the patients reported that they tried to form a mental picture or to 'visualize' the dots in making their decision. Among the control subjects, 83% (20 out of 24) used terms like these to describe their strategy. These reports are consistent with Finke and Pinker's (1984) finding that subjects spontaneously use imagery in this task.
Pooling across patients and controls, all subjects made more errors when the arrow pointed to the left than to the right (for left-directed arrows, mean ϭ 11.17%, SEM ϭ 1.55; for right-directed arrows, mean ϭ 6.95%, SEM ϭ 1.39) [F(1, 30) ϭ 3.70, P ϭ 0.06]. Subjects also generally made more errors in 'no' trials (mean ϭ 10.28%, SEM ϭ 1.61) than in 'yes' trials (mean ϭ 7.94%, SEM ϭ 1.18) [F(1, 30) ϭ 5.68, P Ͻ 0.03]. In addition, patients made many more errors (mean ϭ 17.81%, SEM ϭ 2.82) than did the control subjects (mean ϭ 6.15%, SEM ϭ 0.87) [F(1, 30) ϭ 29.51, P ϭ 0.0001]. Moreover, responsetype affected patients' error rates (for 'yes' responses, mean ϭ 14.06%, SEM ϭ 2.82; for 'no' responses, mean ϭ 22.66%, SEM ϭ 4.42), but not control subjects' error reflected by an interaction between group and response type [F(1,30) ϭ 4.28, P Ͻ 0.05]. to the unimpaired performance of one patient (J.M.). When patient J.M. is excluded from the left-hemispheric lesion group (which was justified on the basis of his very unusual behavioural profile; see Patients' medical information), the
Perceptual control
All groups performed this task on average with Ͻ10% P-value for the remaining three patients in the left hemispheric group increases to a value very close to significance errors [for patients, mean ϭ 7.38%, SEM ϭ 1.25; for control subjects, mean ϭ 4.58%, SEM ϭ 1.81 (F Ͻ 1), see (mean ϭ 30.00% , SEM ϭ 4.27 for arrows pointing to the right; mean ϭ 16.67%, SEM ϭ 5.77 for arrows pointing to Table 4 ]. None of the within-subject main effects attained significance, neither when the subjects' data were combined the left) [F(1,2) ϭ 16.00, P ϭ 0.057]. We found no effects of complexity or response type on performance (P Ͼ 0.1).
nor when the patient or the control data were analysed separately (P Ͼ 0.1 in all cases). However, the groups did from these two tasks in a single ANOVA. The within-subject factors were task (perceptual versus imagery), direction of show differences in the relative degree of difficulty with arrows pointing upward and downward, as indicated by an arrow (left/right), array complexity (three versus four dots) and response type (yes/no). The between-subject factor was interaction between group and vertical direction [F(1, 30) ϭ 5.53, P Ͻ 0.03]. This interaction resulted from the opposite either subject group (control versus patient) or patients' location of lesion (right versus left-hemisphere). Consistent effect of top versus bottom direction for errors in the patients and control subjects; patients made errors when the arrow with the results of individual task analyses, there was an interaction between subject group and task [F(1,30) ϭ 15.96, pointed to the top quadrants (mean ϭ 7.92%, SEM ϭ 3.97), but made no errors when it pointed to the bottom quadrants P Ͻ 0.001]. Patients made four times as many errors in the imagery task as they did in the perceptual control task (for (mean ϭ 0%), whereas control subjects made more errors when the arrow pointed to the bottom quadrants (mean ϭ imagery task, mean ϭ 18.36%, SEM ϭ 2.70; for perceptual control, mean ϭ 4.59%, SEM ϭ 1.82), whereas control 9.17%, SEM ϭ 1.95) than the top quadrants (mean ϭ 5.35%, SEM ϭ 1.37). This pattern was not evident in the imagery subjects performed equally well in both tasks (for imagery task, mean ϭ 6.21%, SEM ϭ 0.78; for perceptual control, task, and hence cannot explain those results. Perhaps more importantly, it was clear that the patients had no difficulty mean ϭ 7.38%, SEM ϭ 1.25). We also found a significant interaction between task and complexity (number of dots) scanning to their contralesional fields in this task, where the stimuli were in free view. In fact, the left-hemisphere damaged [F(1,30) ϭ 5.20, P Ͻ 0.03)], indicating that complexity increased error rates (for all groups) in the imagery task only. patients did not make any errors when the arrow pointed to either hemifield. However, as is evident in Table 5 , More importantly, patients showed deficient contralesional performance in the imagery task but not in the perceptual examination of individual patients' performance revealed that one patient (E.W.) was impaired relative to control subjects control task, as confirmed by a three-way interaction between lesion site, task and direction of arrow [F(1,6) ϭ and to other patients (see Table 5 ).
In order to compare the subjects' performance on the 12.62, P Ͻ 0.02].
In general, then, it is clear that the patients could understand imagery and perceptual control tasks, we analysed the data the task and could scan across a perceptual image and perceive patients made many more errors with four than with three dot arrays (mean ϭ 7.50%, SEM ϭ 3.10 for three the spatial relationship between arrow direction and dots.
dots; mean ϭ 16.25%, SEM ϭ 5.31 for four dots), whereas control subjects made similar numbers of errors for the two types of arrays (mean ϭ 2.30%, SEM ϭ 1.10
Arrow control
Both patient groups and the control subjects performed this for three dots arrays; mean ϭ 3.13%, SEM ϭ 1.20 for four dots arrays). Consequently, the interaction between task with very few errors (see Table 6 ). Furthermore, the patients' accuracy in judging whether the two arrows were group and complexity was significant [F(1,30) ϭ 5.32, P Ͻ 0.03]. pointing in the same, or a different, direction was no different from that of the control subjects (for patients, mean ϭ 2.5%, In addition, left-hemisphere damaged patients made more errors (mean ϭ 16.25%, SEM ϭ 5.62) than right-hemisphere SEM ϭ 1.44; for control subjects, mean ϭ 1.25%, SEM ϭ 0.48 ). These findings were evident in ANOVAs in which damaged patients (mean ϭ 7.5%, SEM ϭ 2.5) [F(1,6) ϭ 8.72, P Ͻ 0.05]. However, this difference was entirely due the within-subject factor was response type (same/different) and the between-subject factor was either group (control/ the high error rate (40.0%) of one left-hemisphere damaged patient (B.M.). After excluding this patient's data from the patient) or patients' location of lesion (right-versus lefthemisphere): None of the main effects or interactions was analysis, the left-hemisphere group's per cent errors were the same (mean ϭ 8.3%; SEM ϭ 4.10) as those of the rightsignificant, P Ͼ 0.1 in all cases. Analysis of the data from individual patients revealed that only one of the eight patients hemisphere group (F Ͻ 1). In order to determine whether patients made more errors (E.W.) made more errors (mean ϭ 15.00%) than control subjects (mean ϭ 1.25%, SEM ϭ 0.48) [F(1, 23) ϭ 37.31, when the 'different' dot was in their hemianopic field, we coded the 'different' dot patterns by 'side of presentation' P ϭ 0.0001].
In summary, then, it is clear that our patients could encode and conducted an analysis of variance with side of 'different' dot (left/right) as within-subject factor and lesion the direction of the arrow, at least to the degree necessary to perform the task.
location (left/right hemisphere) as between-subject factor. This interaction was not significant (F Ͻ 1). In fact, the right-hemisphere damaged patients did not make any errors in their hemianopic fields (mean for left-field dots ϭ Table 7 presents the mean percentage errors for patients 0.00%, SEM ϭ 0.00; mean for right-field dots ϭ 12.50%, SEM ϭ 7.98), whereas the left-hemisphere damaged patients' and control subjects in this task. The patients made more errors than control subjects, (mean ϭ 11.88%, SEM ϭ error rates were equivalent in both fields (mean for rightfield dots ϭ 16.67%, SEM ϭ 6.80; mean for left-field dots ϭ 3.13 for patients; mean ϭ 2.71%, SEM ϭ 0.80 for controls) [F(1,30) ϭ 9.40, P Ͻ 0.01]. Moreover, the 18.75%, SEM ϭ 11.97). In order to examine further the possibility that the patients' Table 6 Mean percent error in the arrow control task imagery deficits were not due to short-term memory impairments assessed by the dot control task, we performed cannot account for all of the impaired performance in the imagery task. However, the critical question here is whether not. Secondly, all patients were screened on standard tests of neglect, and none were found to have neglect. Nevertheless, short-term memory for dots on the contralesional side can explain contralesional errors in the imagery task. Given all but one hemianopic patient showed impairment in the imagery task. To the best of our knowledge, only a single that right-hemisphere damaged patients did not make any contralesional errors in the dot control task, we performed case among all published reports describing hemispatial neglect of mental images did not also exhibit visuospatial an ANCOVA only on left-hemisphere damaged patients' right-sided errors. Again, even when contralesional neglect: Guarglia et al. (1992) described a patient who, following a right frontal lesion, showed left-sided neglect of performance on the dot control task was controlled, we found a significant group difference for right-sided performance in visual images but not of left-sided visual stimuli. Given the scarcity of cases reported to have 'imaginal neglect' in the imagery task [mean ϭ 22.50%, SEM ϭ 7.77 for patients; mean ϭ 4.79%, SEM ϭ 1.43 for controls; F(1,24) ϭ 8.12, the absence of 'real neglect', it is difficult to assume that the impairments we found in the imagery task could all be
Dot control
Finally, an analysis of response type (same versus different) accounted for by imaginal neglect. Although three of the patients (E.W., T.B. and J.M.) did not and array complexity (three versus four dots) in the control and the (two) patient groups revealed that subjects made have brain scans, neurological and repeated ophthalmological examinations, including visual field testing, led to diagnoses more errors with four-than with three-dot arrays (for four dots, mean ϭ 6.41%, SEM ϭ 1.73; for three dots, mean ϭ of unilateral occipital infarcts in all three cases. Two of the patients (B.M. and M.L.) had CT evidence of lesions 3.60%, SEM ϭ 1.14) [F(1, 30) ϭ 7.80, P Ͻ 0.01]. Response type did not contribute significant variance to errors. A extending beyond occipital cortex;. However, the lateralized performance of these three patients in the imagery task (with separate analysis of control subjects' data alone revealed no effects of array complexity or response type on error rates.
the exception of J.M.) did not differ markedly from that of the others (see Table 5 ). Therefore, it seems likely that their In short, it is clear that faulty memory for the dot locations cannot explain the results from the imagery task. deficit in the imagery task was due to destruction of the same neural region, loss of which was demonstrated by brain scanning in the other patients. B.M.'s questionable left temporal infarct may have contributed to his poor
Discussion
The key finding of our study was that patients with hemianopia performance on the dot control task. The performance of the patients in the other three tests of central origin were selectively impaired when they made judgments that required use of visual imagery of stimuli demonstrates that the deficits in the imagery task were not a consequence of impairments in several non-imaginal presented ipsilateral to their impaired visual field. More specifically, the patients with left hemianopia due to right processes required for its performance. With the exception of E.W., the patients were not impaired in the perceptual occipital infarcts made more errors when making judgments requiring imagery of stimuli presented on the left side, control task. The only way in which they differed from their controls was in the relative number of errors they made when whereas the patients with right hemianopia due to left occipital infarcts showed a trend for the reverse pattern of arrows pointed upward and downward, a factor irrelevant to their impaired performance in the imagery task. Thus, the errors. The lack of statistically significant effect in the predicted direction for patients with right-sided hemianopias patients could scan across the dots, judge their spatial positions and perceive the spatial relationship between the was due to the unimpaired performance of a single patient, J.M. As noted above (see Patients' medical information).
arrow direction and dots as well as the normal control subjects could. E.W. did not have brain scans; however, her Patient J.M. demonstrates a very unusual capacity for consciously detecting and reporting visual stimuli in his difficulty in the perceptual control and arrow control tasks suggest that her lesion may have involved the right parietal 'blind' field, as defined by standard perimetry. As mentioned earlier, we could not obtain J.M.'s CT scan, but his ability lobe. With regard to their performance in the arrow control task, the patients as a group, like the control subjects, to process visual stimuli in his hemianopic field consciously resembles patient G.Y. of Barbur et al. (1993) , who, despite performed with very few errors, suggesting that they could encode arrow direction as well as the control subjects did. massive damage to the medial occipital lobe of his left hemisphere (documented by MRI) could detect and verbally This result is not surprising, for deficient performance in discriminating and matching line slant is usually associated report the direction of motion in his blind field.
One could argue that our results are simply a other example with right posterior cerebral lesions that are considerably larger than the ones in our patients (Warrington and Rabin, of imagery neglect, as documented by Bisiach and Luzzatti (1978) , Bisiach et al. (1976) and others. This is unlikely for 1970; Benton et al., 1975; Bisiach et al., 1976) . The patients made many more errors than did their controls two reasons. First, our patients did not display any of the hallmarks of imagery neglect in the dot control task. The in the dot control task. However, two findings indicate that their deficient performance in this test could not account for studies of Bisiach and his colleagues would clearly predict that patients with imagery neglect would make more errors their impairment in the imagery task. First, as mentioned above, the patients did not make more errors in the dot when stimuli differ in the neglected field; our patients did control task when the 'different' dot (i.e. the dot that changed normal scanning, had lesions extending either into the parietal lobe or thalamus, structures that showed no infarcts in the position) was ipsilateral to their hemianopia, as one would expect if poor memory for dot position was responsible for majority (four out of five) of our patients who had brain scans.
In addition, although we cannot entirely rule out the their impaired performance in the imagery task. Secondly, the left-hemisphere damaged patients still made statistically possibility of involvement of parietal areas in those patients whose brains were not imaged, the scanning account is not more right-sided errors in the imagery task than did the control subjects when their performance in the dot control entirely compelling because the subjects clearly could scan the displays in the perceptual control condition. However, it task was statistically controlled.
The finding that the left-brain-damaged patients made is possible that scanning difficulties are a larger problem in imagery than in perception. Whereas the image is transient, more errors than did the right-brain-damaged patients would seem to support a left hemispheric involvement in image and hence likely to be gone before one can use an inefficient scanning strategy to locate the target, a scene left in free maintenance. However, given the small number of patients in each group, it is difficult to draw conclusions about view can be scanned inefficiently at one's leisure. It is unfortunate that we were unable to record response times in differential hemispheric contributions to this process. Indeed, the difference between the two patient groups was entirely this study. All things considered, however, it would appear that the due to one patient (B.M.), who had exceptionally poor performance in this task. It is possible that this patient patients' contralesional deficits in the experimental task were due to a disturbance in their ability to form or retain images. suffered from a more general visual memory deficit, most probably emanating from his suspected temporal lobe lesion.
Furthermore, the finding that the patients performed worse in this task when the arrow pointed to the hemianopic, Finally, with regard to judgments of dot position, it should be noted that studies carried out with large groups of patients than to the non-hemianopic side, strongly suggests that the retinotopically organized visual areas in medial occipital have shown that impaired performance in these kinds of tasks, like line-orientation tests as described above, is structures infarcted in our patients contribute to the use of visual imagery. Moreover, this conclusion is supported by associated with larger right-hemisphere lesions than our patients sustained (Warrington and Rabin, 1970 ; Warrington the finding that many of the subjects in this study stated that they had used visual imagery to make their judgments in the and Taylor, 1973; Hannay et al., 1976) . In conclusion, the results of the control tests strongly suggest that the patients' experimental task. The present results are as expected if one or more retinotopically organized visual cortical area provides deficient performance in the imagery task was not due to faulty perception of dot position, arrow direction, or the a display for images, where they can be inspected as well as scanned (for psychophysical evidence, see Kosslyn, 1994) ; relationship between the two, or to poor memory for dot location.
unilateral damage to these structures would lead to unclear images which cannot be normally inspected (or perhaps even One might also want to argue that the hemianopic patients' imagery impairment might be due to abnormal scanning of resolved). Of course, it is also possible that the underlying impairment that interfered with our patients' performance in images on the hemianopic side, to deficient detection or inspection of these images, to defective representation of the imagery task is some interaction between image scanning, image detection/inspection and representation. In any event, images in a topographically organized space, or to some interaction among these factors. With regard to the first our findings clearly indicate that visual mental imagery relies on visual areas in the medial occipital lobe. alternative, Zihl (1995) recently reported that~60% of patients with homonymous hemianopia due to unilateral occipital infarcts spent more time searching the hemianopic side and showed abnormal contralesional search patterns
